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(54) HOT DIP TIN-ZINC BASED PLATED STEEL SHEET 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide Pb-free hot dip Sn-Zn based plating which has 
excellent corrosion resistance, and is particularly suitable as an automotive fuel tank material. 
SOLUTION: The hot dip Sn based plated steel sheet is obtained by forming a hot dip plated 
layer containing, by weight, 1 to 20% Zn and 0.001 to 0.5% of one or more kinds selected 
from the group 4A elements (Ti, Zr and Hf), and containing 79.5 to 98.0% Sn on the surface of 
a steel sheet. The plated layer has a metallic structure in which an <Sn single phase or^ Zn 
single phase is coexistent in an Sn-Zn binary eutectic structure, and thTmSj'oraxisof the Zn 
single phase is <5 \m. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use o£ this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It contains, one kind chosen from 1 - 20wt% Zn and 4A group element of Ti, Zr, and Hf, or 
two kinds or more - the sum total ~ 0.001 - 0.5wt% - It is the melting Sn radical plating steel plate in 
which the hot-dipping layer containing Sn:79.5 - 98.0wt% was formed on the steel plate front face, this 
plating layer - Sn-Zn -- duality - the melting Sn-Zn system plating steel plate which has the metal 
texture where Sn single phase or Zn single phase was intermingled in the base of eutectic structure, and 
is characterized by the major axis of Zn single phase being 5 micrometers or less. 
[Claim 2] Sn-Zn in the plating layer of Sn radical plating steel plate - duality - the inside of eutectic 
structure ~ the balling-up organization of Zn ~ having - duality - the melting Sn-Zn system plating 
steel plate according to claim 1 characterized by the maximum grain size of Zn in an eutectic being 1 
micrometer or less. 

[Claim 3] Sn-Zn in the plating layer of Sn radical plating steel plate - duality - eutectic structure - the 
lamellar structure of Sn and Zn - having - duality - the melting Sn-Zn system plating steel plate 
according to claim 1 characterized by the distance between the maximum layers of Sn and Zn in an 
eutectic being 1 micrometer or less. 

[Claim 4] the inside of the plating layer of Sn radical plating steel plate - Sn, Zn, and 4A group element 
~ adding -- Mg ~ 0.1 - 4wt% - claims 1-3 characterized by containing - a melting Sn-Zn system 
plating steel plate given in either. 

[Claim 5] a steel plate front face one sort of nickel, Co, and Cu, or two sorts or more - the sum total - 
more than 0.5wt% ~ claims 1-4 characterized by having an alloy layer with a thickness of 3.0 
micrometers or less to contain - a melting Sn-Zn system plating steel plate given in either. 
[Claim 6] claims 1-5 characterized by having the after-treatment layer which becomes a plating layer 
front face from an inorganic compound, an organic compound, or its composite ~ a melting Sn-Zn 
system plating steel plate given in either. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.nci... 12/19/05 



JP',2002-3'l7233,A [DETAILED DESCRIPTION] 



Page 1 of 9 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation • 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention has the outstanding corrosion resistance and junction nature, and 
workability, and relates to a motor fuel tank ingredient, a home electric machine, and a melting Sn-Zn 
system plating steel plate suitable as an industrial machine ingredient. 
[0002] 

[Description of the Prior Art] Conventionally, as a fuel tank ingredient, the outstanding Pb-Sn alloy- 
plating steel plates, such as corrosion resistance, workability, and solder nature (weldability), are mainly 
used, and it is broadly used as an automotive fuel tank until now. On the other hand, the Sn-Zn alloy- 
plating steel plate has mainly been manufactured with electroplating electrolyzed in the water solution 
containing Zn and Sn ion like JP,52-130438,A. The Sn-Zn alloy-plating steel plate which makes Sn a 
subject is excellent in corrosion resistance or solder nature, and that to electronic parts etc. have been 
used. [ many ] The knowledge of on the other hand having the property this Sn-Zn plating steel plate 
excelled [ property ] in the motor fuel tank application was carried out, and the melting Sn-Zn plating 
steel plate has been indicated in JP,8-269733,A, JP,8-269734,A, etc. 
[0003] 

[Problem(s) to be Solved by the Invention] The Pb-Sn alloy-plating steel plate used as an automotive 
fuel tank material is shifting towards the formation of Pb free along with a rise of earth environment 
recognition in recent years, although the properties (for example, workability, tank inside corrosion 
resistance, solder nature, seam welding nature, etc.) which were excellent in various kinds have been 
accepted and used regularly. On the other hand, the Sn-Zn electrical-and-electric-equipment alloy- 
plating steel plate has been used for the application which is mainly demanded [ nature / solder ] and 
which is not so severe as electronic parts. 

[0004] The above mentioned melting Sn-Zn plating steel plate has the corrosion resistance which surely 
was excellent, workability, and solder nature. However, the further corrosion resistance improvement is 
called for, and with a Sn-Zn plating steel plate, it is easy to generate pitting to which the flat-surface 
section which has not received processing also originates in Zn segregation, and by the salt spray test 
supposing especially a salt damage environment, a period until it results in rust generating is short, and 
cannot say in recent years that the corrosion resistance in a salt damage environment is enough. If the 
amount of Zn becomes high too much, the subject of a plating layer shifts to Zn from Sn, and although 
what is necessary is just to increase the addition of Zn in order to raise sacrifice corrosion prevention 
ability further, since it is larger than Sn for whether your being Haruka, the corrosion resistance of the 
plating layer itself will be spoiled for the elution of Zn itself This invention solves the above-mentioned 
technical problem, balances corrosion resistance, workabihty, and weldability highly, and offers the 
melting Sn system plating steel plate which does not use Pb. 
[0005] 

[Means for Solving the Problem] For the purpose of offering the rust-proofing steel plate which raised 
rust-proofing abiUty excluding Pb, this invention persons consider various a plating presentation, coat 
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structures, configurations, etc., and result in this invention. It contains, this invention ~ Zn - the inside 
of 1 - 20wt% and 4A group element (Ti, Zr, Hf) - one kind or two kinds or more - the sum total ~ 
0.001 - 0.5wt% - It is the melting Sn radical plating steel plate in which the hot-dipping layer 
containing Sn:79.5 - 98.0wt% was formed on the steel plate fi-ont face, this plating layer — Sn-Zn — 
duality ~ it has the metal texture where Sn single phase or Zn single phase was intermingled in the base 
of eutectic structure, and is the melting Sn-Zn system plating steel plate characterized by the major axis 
of Zn single phase being 5 micrometers or less. 

[0006] moreover, Sn-Zn in the plating layer of Sn radical plating steel plate - duality - the case where 
eutectic structure has the balling-up organization of Zn - duality - the maximimi grain size of Zn in an 
eutectic is 1 micrometer or less — the description - carrying out ~ Sn-Zn - duality - the case where 
eutectic structure has the lamellar structure — duality ~ it is characterized by the distance between the 
maximum layers of Sn and Zn in an eutectic being 1 micrometer or less, a plating layer — Sn, Zn, and 
4A group element ~ in addition, Mg - 0.1 - 4.0wt% - you may add - moreover, the lower layer of a 
plating layer — one sort of nickel, Co, and Cu, or two sorts or more - the sum total ~ more than 0.5wt% 
- it may have the after-treatment layer which becomes having an alloy layer with a thickness of 3.0 
micrometers or less to contain and a plating layer front face fi'om an inorganic compound, an organic 
compound, or its composite 

[0007] This invention is explained below at a detail. Plating is performed after pretreating removal of 
rolling oil or an oxide film etc. by making into galvanized material the steel plate [ finishing / 
annealing ] which passed the steel cast piece through a series of processes, such as hot rolling, acid 
washing, cold rolling, annealing, and temper rolling, and rolled stock. It is necessary to be the 
component system which controls progress of the corrosion in that it is the component system which can 
process the complicated configuration of a fiiel tank about a steel component, that the thickness of the 
alloy layer of a steel-plating layer interface can prevent plating exfoliation thinly, the interior of a fiiel 
tank, and an external environment. 

[0008] A Sn-Zn alloy plating is based on carrying out by the hot-dipping method in this invention. The 
greatest reason for having adopted the hot-dipping method is for reservation of plating coating weight. If 
long duration is electrolyzed also with electroplating, although plating coating weight is securable, it is 
not economical. The plating coating weight range aimed at by this invention is the field of thick eyes 
comparatively, and its hot-dipping method is as the optimal as 20- 150 g/m2 (one side). Since 
controlling a presentation appropriately is accompanied by difficulty when the potential difference of a 
plating element is still larger, a Sn-Zn alloy has the optimal hot-dipping method. 
[0009] Next, the reason for limitation of the amount of Zn in a plating presentation is explained. The 
amount of Zn in a plating presentation is limited by corrosion resistance balance in a gas-tank inside and 
external surface. Since perfect rust-proofing capacity is needed, tank external surface is painted after 
tank shaping. Therefore, although paint thickness determines rust-proofing capacity, rust is prevented 
according to the corrosion prevention effectiveness which a plating layer has as a material. Paint 
becomes very important [ especially the corrosion prevention effectiveness that this plating layer has in 
the surroundings by the pile part ]. The potential of a plating layer is lowered by addition of Zn of Sn 
radical plating, and sacrifice corrosion prevention ability is given. Although it needs to be added beyond 
lwt% for that purpose, since superfluous addition causes a melting point rise and leads to superfluous 
growth of the intermetallic-compound layer of a plating lower layer, it is indispensable less than 
[ 20wt% ]. 

[0010] On the other hand, only in the case of a normal gasoline, the corrosion in a tank inside does not 
pose a problem, but quite intense corrosive environment appears by generation of the organic carboxylic 
acid by the oxidation degradation of the mixing and the gasoline of the mixing and the chlorine ion of 
water etc. When a gasoline leaks to the tank exterior by punching corrosion, there is a possibility of 
leading to a major accident and these corrosion must be prevented completely, the place which produced 
the degradation gasoline containing the above-mentioned corrosion promotion component, and 
investigated the engine performance under [ various ] conditions - Zn - less than [ 20wt% ] - it was 
checked that the Sn-Zn alloy-plating coat to contain demonstrates the extremely excellent corrosion 
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resistance. 

[00 11] Since a plating metal does not have sacrifice corrosion prevention ability to a ferrite from the 
first stage exposed into corrosive environment when pure Sn or Zn content which does not contain Zn at 
all is less than [ 1 wt% ], in a tank inside, early rust generating poses a problem in pitting in the plating 
pinhole section, and tank external surface. Since Zn dissolves preferentially and a corrosion product is 
generated so much for a short period of time when Zn is contained so much exceeding 20wt(s)%, there 
are a lifting and a cone problem about the blinding of a carburetor. Moreover, when Zn content 
increases, the workability of a plating layer also falls and the right press-forming nature which is the 
features of Sn radical plating is spoiled. When Zn content furthermore increases, solder nature falls 
sharply. Therefore, as for Zn content in the Sn-Zn alloy plating in this invention, it is desirable for it to 
be necessary to consider as the range of 1 - 20wt%, to acquu-e further more sufficient sacrifice corrosion 
prevention operation, to control the dissolution of Zn, and to carry out in the range of 5.0 - 8.8wt% for 
carrying out that it is harder to start the blinding of a carburetor. 

[0012] Next, although it is the reason for limitation of 4 A group element (Ti, Zr, Hf) of a plating 
presentation, in this invention, it is the most important alloying element and limits by balance of the 
corrosion resistance in a gas-tank inside and external surface, and manufacturability. In this corrosive 
environment, although Zn is controlling the corrosion in respect of tank inside and outside by giving 
sacrifice corrosion prevention ability in Sn radical plating as mentioned above, since Zn itself has the 
quick rate originally eluted, if Zn segregation section is in a plating layer, only the part will be eluted 
preferentially and will be in a lifting or a cone condition about punching corrosion by the part. 4A group 
element (Ti, Zr, Hf) controls Zn segregation imder plating, and it adds for the purpose of building a 
homogeneous plating coat. Although the device of homogenization is not clear, 4 A group element (Ti, 
Zr, Hf) is acting on increase of the karyogenesis in a plating layer, and it is presumed that big and rough- 
ization of a specific plating component (this system Zn) is controlled. 

[0013] This homogenization takes effect in the major axis of Zn single phase of a plating organization 
notably, and the major axis of Zn single phase tends to become small by 4 A group element (Ti, Zr, Hf) 
addition, moreover - the same ~ Sn-Zn - duality the inclination for all of the distance between the 
maximum layers of Sn and Zn to become small by 4A group element (Ti, Zr, Hf) addition in having the 
spherical organization of Zn in an eutectic and having the maximum grain size of Zn, and the lamellar 
structure - it is - duality ~ 4A group element (Ti, Zr, Hf) acts also on detailed-ization of the 
organization of an eutectic. 

[0014] 4A group element (Ti, Zr, Hf) does not discover such homogenization effectiveness by addition 
below 0.00 lwt%. On the other hand, if the addition of 4A group element (Ti, Zr, Hf) exceeds 0.5wt(s)% 
in total, the homogenization effectiveness is not only saturated, but it will cause plating quality and 
aggravation of cost by extensive generating of the dross from the plating bath at the time of operation, 
and the rise of the melting point. Therefore, let 4A group element (Ti, Zr, Hf) content in this invention 
be the range of 0.001 - 0.5wt% in one kind or two kinds or more of sum totals. The organization of the 
following plating layer is controllable by adjusting an addition within the limits of this suitably based on 
the above-mentioned knowledge. 

[0015] Next, it is determined by the effectiveness of the corrosion resistance improvement in a tank 
inside-and-outside side, especially punching corrosion control although it is the reason of limitation of 
the gestalt of the metal texture of a plating layer. Sn-Zn ~ duality - a system is an eutectic mold without 
an intermetallic compound, and the eutectic point exists to Zn8.8wt%. therefore - if the organization 
obtained after coagulation is an eutectic presentation - Sn-Zn ~ duality ~ if it is eutectic structure and 
Zn is less than [ 8.8wt% ] - Sn-Zn - duality - if there are more Sn single phase and Zn in an eutectic 
structure base than 8.8wt(s)% -- Sn-Zn -- duality - it becomes the metal texture where Zn single phase 
was intermingled in the eutectic structure base. 

[0016] although some ferrite sides of plating are influenced of a ferrite in this plating - the plating layer 
itself - Sn-Zn - duality - it has the organization of a system; Although Zn is an indispensable element 
from the semantics which gives sacrifice corrosion prevention ability to Sn radical plating like the 
above-mentioned, since it is eluted comparatively easily in corrosive environment in the property which 
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primary Zn has, as for the distribution condition, it is desirable especially important, detailed, and to 
distribute to homogeneity. If Zn single phase section grows very big and rough especially, into corrosive 
environment, it will dissolve altematively and only the part will serve as an origin of a result and 
punching corrosion. 

[0017] Moreover, since Zn falls out immediately and comes out even when not resulting in punching 
corrosion, the sacrifice corrosion prevention over a long period of time is not expectable. It is required 
for maintaining the corrosion resistance over such a long period of time for the major axis of Zn single 
phase to be 5 micrometers or less. In this invention, the major axis of a crystal defined the magnitude of 
Zn single phase. Since the crystal formed did not necessarily serve as a globular form (circular two- 
dimensional), and the major axis and minor axis of a crystal were not equal, it was carried out to 
defining by this invention with the major axis of a crystal. When you take a needlelike gestalt, let the die 
length be a major axis. 

[0018] moreover ~ although Zn single phase section is not remarkable, in order to continue maintaining 
sacrifice corrosion prevention ability over a long period of time in the whole plating layer ~ Sn-Zn — 
duality - it is more desirable to also distribute the distribution condition of Zn in eutectic structure 
minutely. Sn-Zn - duality - the case where it has the balling-up organization of Zn, respectively 
although eutectic structure may have the case where it has the baUing-up organization of Zn, and the. 
lamellar structure, with the cooling approach at the time of coagulation, and the impurity of the minute 
amount contained in a plating layer - duality - the case where the maximum grain size of Zn in an 
eutectic has 1 micrometer or less and the lamellar structure - duality ~ it is desirable in order for it to 
maintain sacrifice corrosion prevention that the distance between the maximum layers of Sn and Zn in 
an eutectic is 1 micrometer or less at a long period of time The definition of the interphase distance of 
the lamellar structure considers as the distance firom the core of the thickness of Sn layer to the core of 
the thickness of Zn layer, and is expressed with real [(thickness for Sn lit par lit) +(thickness for Zn lit 
par lit)] 12, 

[0019] Moreover, it is effective in corrosion-resistant improvement to add Mg in the plating layer of Sn 
radical plating steel plate in addition to Sn, Zn, and 4A group element. Mg has the operation which 
stabilizes the corrosive living thing of Zn, and the operation whose Mg itself forms Mg system 
hydroxylation coat of protection nature in a plating front face in a salt damage environment, and 
especially its corrosion resistance of tank extemal surface improves. This operation does not have the 
significant difference of addition existence less than [ 0.1 wt% ]. On the other hand, if it adds more 
mostly than 4wt%, it will imitate abundant crystallization in the plating layer of the weak intermetallic 
compound of a Sn-Mg system or a Zn-Mg system, and it not only becomes disadvantageous in respect 
of operability and cost by the rise of the melting point of abundant generating of dross, and a plating 
bath, but will come, and the workability of a plating layer will fall. Therefore, in adding Mg, it makes 
the addition of Mg into 0.1 - 4wt%. 

[0020] In a hot-dipping method, formation of an alloy layer is unavoidable. It is because what a 
galvanized fi-ont face and a plating metal are [ a thing ] well damp (it alloys) is important in order to 
prevent generating of a plating pinhole and to obtain a plating coat with uniform and good corrosion 
resistance. On the other hand, in order to process a complicated configuration like a fiiel tank, it is 
necessary to secure advanced workability. Although little generation of the alloy layer must be carried 
out in order to get wet well, since it is hard and weak, when it tends to produce a crack at the time of 
processing and becomes thicker than a certain thickness, a crack will spread it in the plating layer of an 
alloy layer outside, it will produce a crack in a plating layer, and causes plating exfoliation and 
corrosion-resistant degradation by the damage of a plating layer. Such plating exfoliation has a plating 
kind, thickness and a steel type, and very big relation, and when it is this invention, as for the thickness 
of an alloy layer, it is desirable that it is 3.0 micrometers or less. 

[0021] For a wettability improvement, it is also effective to change a steel plate fi"ont face. In the 
production process of a steel plate, it is hard to remove the oxide formed in a steel plate fi-ont face, and it 
checks plating nature. In order to eliminate this effect, nickel-Co-Cu which is easy to react with tin to 
the steel plate fi'ont face in firont of plating is galvanized, and wettability is improved. nickel-Co-Cu etc. 
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may be galvanized alone and may be an alloy with Fe, or the alloy of these metals. As an amount of 
plating, it is wrap extent 2, for example, 0.1 - 2.0 g/m, to homogeneity about a steel plate front face. 
Extent is enough, as the product after plating — one sort of nickel-Co-Cu, or two sorts or more — more 
than 0.5wt% — the rust-proofing steel plate excellent in workabiUty and corrosion resistance can be 
obtained by containing in an alloy layer. 

[0022] In this invention, thoroughgoing corrosion resistance is expected by performing after treatment 
which consists a plating layer front face of an inorganic compound, an organic compound, or its 
composite further. This processing has the effectiveness which the Sn-Zn plating layer of a substrate has 
very good familiarity, and covers defective parts, such as a minute pinhole, or is made to dissolve a 
plating layer, and restores a pinhole, and raises corrosion resistance sharply. 
[0023] 

[Example] An example shows the quality characteristic of the rust-proofing steel plate for fuel tanks of 
this invention. 

(Example 1) It introduced into the Sn-Zn plating bath (melting point of +80 degrees C of a bath) 
containing Ti, after applying the flux for plating which contains a zinc chloride, an ammonium chloride, 
and a hydrochloric acid for a steel plate [ finishing / annealing and pressure regulation of 0.8mm of 
board thickness ]. From the plating bath and the post-plating bath to which the steel plate front face was 
made to fully react, the steel plate was pulled out, and coating weighted] ustment was performed by the 
gas wiping method, and it cooled. The steel plate after plating is^eSn2.it has the alloy layer made into 
a subject, and plating coating weight (total coating weight of Sn+Zri) was controlled to 40 g/m2 (per one 
side). They are 15 mg/ni2 as chromium on ttiis front face. Chromate treatment of coating weight was 
performed and it considered as the product plate. 

[0024] In order to question the metal texture of this steel plate, the distribution condition of Sn and Zn 
was analyzed in EPMA (electron probe microanalyzer) after cross-section polish. The forms of 
corrosion and the pitting depth 960 hours after SST estimated the corrosion resistance in the salt damage 
environment of tank external surface. Forms of corrosion made equal corrosion good. In the pressurized 
container, the corrosion resistance of a tank inside added 10vol(s)% water to the compulsive degradation 
gasoline left at 100 degrees C one whole day and night, and produced etching fluid. The ion kind and 
elution volume of a metal ion which performed the 45 degree-Cx3 week corrosion test and were eluted 
in the plating steel plate (30x35mm end face and rear-face seal) which performed drawing processing 
with a bead in 350ml of this etching fluid were measured. The elution volume made 200 ppm good. 
[0025] the example of this invention (No.1-9) shown in Table 1 ~ Zn single phase and duality — it is 
minutely controlled also with eutectic structure, and an alloy layer is not growing thickly, either. In an 
outside environmental corrosion test, forms of corrosion are equal corrosion, rust did not generate them, 
either, and pitting resulting from Zn segregation was not accepted. By the inside environmental 
corrosion test, the metal kind detected is Zn and Sn which constitute the plating layer, and shows 
corrosion resistance also with a few very good elution volume. 

[0026] Ti adds in the example of a comparison (No. 14) — not having — Zn single phase and duality — 
detailed-izing / homogenization of eutectic structure are not done, the same - the example of a 
comparison (10 No. 12) - duality ~ detailed-izing / homogenization of eutectic structure are not done. 
In such plating that is not homogenized, in the corrosive environment of both inside-and-outside side, 
the dissolution advanced locally in the segregation section of Zn, and a result and pitting which reaches 
a ferrite inraiediately have happened. 

[0027] the operation for which the example of a comparison (13 No. 11,15) exceeds 500 degrees C since 
Ti is added superfluously and the melting point of a plating bath rose — obliged - a result ~ an alloy bed 
depth - thick - becoming -****. Since the hard weak alloy layer grew, when the right workability of 
Sn radical plating was spoiled and drawing processing with a bead was performed, many cracks went 
into the plating layer, consequently the elution from a ferrite was also accepted by the inside 
environmental corrosion test. Since Zn is not added at all, the example of a comparison (No. 16) does not 
have sacrifice corrosion prevention ability, pitting occurs from the pinhole which exists reluctantly, and 
corrosion resistance is subordinance in the corrosive environment of both inside-and-outside side. It is 
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added superfluously, and the homogenization effectiveness of Ti does not reach [ Zn ] any longer, either, 
but the property of the whole plating layer approaches Zn, and good corrosion resistance is not acquired 
for the example of a comparison (No. 17). 
[0028] 
[Table 1] 
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[0029] (Example 2) Ti, Zr, and Hf after applying the flux for plating which contains a zinc chloride, an 
ammonium chloride, and a hydrochloric acid for a steel plate [ finishing / annealing and pressure 
regulation of 0.8mm of board thickness ] - various wt% - it introduced into the Sn-15wt%Zn plating 
bath (melting point of +80 degrees C of a bath) to include. From the plating bath and the post-plating 
bath to which the steel plate front face was made to fully react, the steel plate was pulled out, and 
coating weight adjustment was performed by the gas wiping method, and it cooled. The steel plate after 
plating is FeSn2. It has the alloy layer made into a subject, and plating coating weight (total coating 
weight of Sn+Zn) was controlled to 40 g/m2 (per one side). They are 15 mg/m2 as chromium on this 
front face. Chromate treatment of coating weight was performed and it considered as the product plate. 
[0030] In order to question the metal texture of this steel plate, the distribution condition of Sn and Zn 
was analyzed in EPMA (electron probe microanalyzer) after cross-section polish. The forms of 
corrosion and the pitting depth 960 hours after SST estimated the corrosion resistance in the salt damage 
environment of tank external surface. Forms of corrosion made equal corrosion good. In the pressurized 
container, the corrosion resistance of a tank inside added 10vol(s)% water to the compulsive degradation 
gasoline left at 100 degrees C one whole day and night, and produced etching fluid. The ion kind and 
elution volume of a metal ion which performed the 45 degree-Cx3 week corrosion test and were eluted 
in the plating steel plate (30x35mm end face and rear-face seal) which performed drawing processing 
with a bead in 350ml of this etching fluid were measured. The elution volume made 200 ppm good. 
[0031] the example of this invention (No. 18-29) shown in Table 2 - Zn single phase and duality - it is 
minutely controlled also with eutectic structure, and an alloy layer is not growing thickly, either. In an 
outside environmental corrosion test, forms of corrosion are equal corrosion, rust did not generate them, 
either, and pitting resulting from Zn segregation was not accepted. By the inside environmental 
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corrosion test, the metal kind detected is Zn and Sn which constitute the plating layer, and shows 
corrosion resistance also with a few very good elution volume. 

[0032] 
[Table 2] 
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[0033] (Example 3) Ti after applying the flux for plating which contains a zinc chloride, an ammonium 
chloride, and a hydrochloric acid in a steel plate [ finishing / annealing and pressure regulation of O.Smm 
of board thickness ] ~ 0.05wt(s)% and Mg - various wt% - it introduced into the Sn-8wt%Zn plating 
bath to include. From the plating bath and the post-plating bath to which the steel plate front face was 
made to fiiUy react, the steel plate was pulled out, and coating weight adjustment was performed by the 
gas wiping method, and it cooled. The steel plate after plating is FeSn2. It was what has the alloy layer 
made into a subject. Plating coating weight (all Sn+Zn coating weight) was controlled to 40 g/m2 (per 
one side). They are 15 mg/m2 as chromium on this front face. Chromate treatment of coating weight 
was performed and it considered as the product plate. 

[0034] The example of this invention is shown in Table 3 (No. 30-33). In order to question the metal 
texture of this steel plate, when the distribution condition of Sn, and Zn and Mg was analyzed in EPMA 
(electron probe microanalyzer), it gazed at the detailed and uniform organization after cross-section 
polish. The forms of corrosion 960 hours after SST were equal corrosion, and that of the corrosion 
resistance in the salt damage environment of tank external surface are [ no pitting ] and were good. 
Moreover, the metal ion with which the corrosion resistance of a tank inside was eluted was Sn, Zn, and 
Mg of a plating layer, and each elution volume was as good as less than 200 ppm. On the other hand, in 
the example of a comparison (No.34) which added Mg superfluously, since the melting point rose, 
workability worsened by that the alloy layer grew thickly and abundant installation into the plating layer 
of weak Mg system intermetallic compound, and it became subordinance especially by the corrosion test 
of an inside environment. 
[0035] 
[Table 3] 
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[0036] (Example 4) They are 1 .0 g/m2 in a Watts bath to a steel plate [ finishing / annealing and 
pressure regulation of 0.8mm of board thickness ]. Electric nickel plating was performed so that it might 
become, then, Ti after applying the flux for plating containing a zinc chloride, an ammonium chloride, 
and a hydrochloric acid 0,05wt(s)% - it introduced into the Sn-8wt%Zn plating bath to include. From 
the plating bath and the post-plating bath to which the steel plate front face was made to fully react, the 
steel plate was pulled out, and coating weight adjustment was performed by the gas wiping method, and 
it cooled, the steel plate after plating - FeSn2 what has the alloy layer made into a subject - it is - 
nickel - 20wt(s)% - it contained and the thickness was 2 micrometers. Plating coating weight (total 
coating weight of Sn+Zn) was controlled to 40 g/m2 (per one side). They are 15 mg/m2 as chromium on 
this front face. Chromate treatment of coating weight was performed and it considered as the product 
plate. 

[0037] In order to question the metal texture of this steel plate, when the distribution condition of Sn and 
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Zn was analyzed in EPMA (electron probe microanalyzer), it gazed at the detailed and uniform 
organization after cross-section polish. The forms of corrosion 960 hours after SST were equal 
corrosion, and that of the corrosion resistance in the salt damage environment of tank external surface 
are [ no pitting ] and were good. Moreover, the metal ions with which the corrosion resistance of a tank 
inside was eluted were Sn of a plating layer, and Zn, and the elution volume was 50 ppm and was good. 
[0038] (Example 5) They are 1.0 g/m2 in a Watts bath to a steel plate [ finishing / annealing and 
pressure regulation of 0.8mm of board thickness ]. Electric nickel plating was performed so that it might 
become, then, Ti after applying the flux for plating containing a zinc chloride, an ammonium chloride, 
and a hydrochloric acid - 0.05wt(s)% - it introduced into the Sn-8wt%Zn plating bath to include. From 
the plating bath and the post-plating bath to which the steel plate front face was made to fiiUy react, the 
steel plate was pulled out, and coating weight adjustment was performed by the gas wiping method, and 
it cooled, the steel plate after plating ~ FeSn2 what has the alloy layer made into a subject — it is — 
nickel - 20wt(s)% - it contained and the thickness was 2 micrometers. Plating coating weight (total 
coating weight of Sn+Zn) was controlled to 40 g/m2 (per one side). It is the after treatment which 
consists of a silica, a phosphoric acid, and acrylic resin on this front face Si02 It carries out and is 
40mg/m2. It carried out and considered as the product plate. 

[0039] In order to question the metal texture of this steel plate, when the distribution condition of Sn and 

Zn was analyzed in EPMA (electron probe microanalyzer), it gazed at the detailed and uniform 
organization after cross-section polish. The forms of corrosion 960 hours after SST were equal 
corrosion, and that of the corrosion resistance in the salt damage environment of tank extemal surface 
are [ no pitting ] and were good. Moreover, the metal ions with which the corrosion resistance of a tank 
inside was eluted were Sn of a plating layer, and Zn, and the elution volume was 70 ppm and was good. 
[0040] (Example 6) after carrying out heating removal of the rolling oil for cold rolled sheet steel of 
0.8mm of board thickness by the ZENJIMA method - a steel plate front face — retuming - Ti — O.OSwt 
(s)% - it introduced into the Sn-8wt%Zn plating bath to include. From the plating bath and the post- 
plating bath to which the steel plate front face was made to fiilly react, the steel plate was pulled out, and 
coating weight adjustment was performed by the gas wiping method, and it cooled. The steel plate after 
plating is FeSn2. Having the alloy layer made into a subject, the thickness was 1 micrometer. Plating 
coating weight (total coating weight of Sn+Zn) was controlled to 40 g/m2 (per one side). They are 15 
mg/m2 as chromium on this front face. Chromate treatment of coating weight was performed and it 
considered as the product plate. 

[0041] In order to question the metal texture of this steel plate, when the distribution condition of Sn and 
Zn was analyzed in EPMA (electron probe microanalyzer), it gazed at the detailed and tmiform 
organization after cross-section polish. The forms of corrosion 960 hours after SST were equal 
corrosion, and that of the corrosion resistance in the salt damage environment of tank extemal surface 
are [ no pitting ] and were good. Moreover, the metal ions with which the corrosion resistance of a tank 
inside was eluted were Sn of a plating layer, and Zn, and the elution volume was 40 ppm and was good. 
[0042] 

[Effect of the Invention] By this invention, it excelled in corrosion resistance, workabihty, and 
weldability, and the lead free rust-proofing steel plate for fiiel tanks borne also to a degradation gasoline 
etc. for a long period of time was obtained. 



[Translation done.] 
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